Introduction
As non-renewable sources decline, the need for renewable sources increases. Efficient renewable sources of energy are important as non-renewable sources, such as fossil fuels. With these resources declining, alternative methods of generating electrical energy are becoming more sought after. One current technology already providing an alternative method are wind turbines. Current wind turbines take advantage of a naturally occurring, renewable system to generate electricity. There are many different types of wind turbines currently in use, but this paper will focus on the more commonly produced horizontal axis wind turbine (HAWT) (fig 1) and comparing them to the recently developed bladeless turbines. Figure 1 . General outline of HAWT [1] Figure 2. Components of HAWT [3] [4] HAWT are the most commonly produced wind turbines [1] and are currently very efficient at converting the kinetic energy of wind into electrical energy. Wind passing over the turbine blades causes them to spin due to the wind's force and magnitude. This effect is explained by Bernoulli's theorem, which relates to fluid dynamics. This focuses on the relationship between velocity, pressure, viscosity, density and elevation. In the case of a HAWT the flow of air is horizontal and therefore elevation becomes irrelevant. The difference in height between the top and bottom of the blade is also insignificant, leaving pressure and velocity as the only significant parameters. Per Bernoulli's theorem [2] , when there is no change in the gravitational potential energy of a fluid, a decrease in pressure is associated with an increase in velocity.
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Figure 3. As the wind moves over the blade, it creates a difference in pressures and that is what causes the motion of the blade [6]
The blade of a turbine has a cambered design meaning that the top and bottom of the blade are asymmetrical and curved. Due to this shape, the velocity of the air on either side of the blade will be different. The air passing below the blade slows down, whilst the air passing over the top will speed up [6] [7] . Going back to Bernoulli's theorem [2] , at a point of low velocity, in this case the bottom of the wing, there will be an area of high pressure. At the top of the wing, the air is moving faster, creating an area of low pressure. When this happens, lift is generated and will cause the turbine to spin. The faster the wind flows, the lower the pressure on the top of the blade will be. This means the blade will rotate faster as there is less pressure on the top of the blade to inhibit the motion caused by the high pressure area. As recent as early 2017, the blades rotate at approximately 18 rpm [8] . At this speed, not enough useful energy is generated, so a series of gears are used to increase the speed by a factor of a hundred [5] [8] , allowing useful energy to be generated as well as counteracting the effects of the high entropy system. These turbines are currently highly effective, converting 80% [1] [4] of the wind energy into electrical energy.
The main problem with the HAWT is that there are many moving components (fig 2) which need replacing multiple times throughout its lifespan. For instance, the gearbox needs replacing every 1.5 years [4] . With HAWT's life span between 20-25 years [4] , it will require between 13-17 gearboxes which continually adds onto the maintenance of the HAWT.
The entropy of a system depends on the size density and predictability of a system [11] . Small, dense systems such as nuclear reactors have a rather predictable energy flow and are said to have a low entropy.
Wind however, is a large, unpredictable and inconsistent system. Wind speed and direction are factors that are constantly changing from one moment to another due to factors like the seasons and the associated tidal pull and coastal winds. Relating this back to Bernoulli's theorem [2] , the change in certain wind factors will affect the speed at which the turbine moves and therefore the output energy. HAWT's design helps counteract the high entropy of the wind due to its ability to adjust the speed of the rotor and thus producing a consistent output of electrical energy. Figure 4 . Prototype of Bladeless wind turbines, Spain [9] [12] Bladeless turbines are a relatively new concept, roughly 5 years, which takes advantage of an aerodynamic effect called vorticity. This effect is one engineers always design to avoid as it causes structures to oscillate and eventually collapse. Bladeless turbines however take advantage of this effect.
Bladeless Turbines
When wind breaks against the turbine the wind flows down the side of the turbine in a circular motion called a vortex. This creates areas of high and low pressures surrounding the turbine which cause it to oscillate. When wind is slow and steady, it breaks against the turbine. Making the vortices uniform and the oscillations caused by them therefore will also be uniform. However, as the wind speed increases, the vortices that are created become erratic and irregular. This means that the frequency at which the turbine is oscillating is in a state of flux. Wind tunnel studies on the turbines have shown that when they are placed close together they can feed off each other ( fig 5) . The vortices given off by the first turbine interact with the next turbine which helps create oscillations [25] .
The size of the turbine also affects the uniformity of the vortices created. Wind speed, and hence pressure, varies with altitude. If a large turbine is made, wind of varying velocities would be acting on it. This will give rise to oscillations in the turbine of various frequencies. Given that wind is a high entropy system [11] , and that this turbine's efficiency is dependent on the regularity and consistency of the parameters of the system, this will greatly affect its efficiency. Beneficial vorticity effect on two cylinders [13] The kinetic energy associated with these oscillations is then converted to electrical energy. There are less components to this design, which lower the maintenance levels of the turbine. Compared to the HAWT, bladeless turbines have a have a lower efficiency rate, around 70%
[10]
Efficiency of onshore horizontal axis wind turbines
The papers researched were analysis of countries such as Nigeria [14] [15] , China [16] and India [17] have been undertaken to determine the efficiency of different onshore locations to place HAWTs. The papers use a combined method of mathematically computing the Weibull parameters, detailed in 3.1.1, taking field data of the wind speeds over a period and borrowing information from certain agency such as the Nigerian Meteorological Agency (NIMET) [15] . As well as measuring, which heights are effective at producing more power, the papers also use various types of wind turbines not limiting themselves to one model.
Efficiency of offshore horizontal axis wind turbines
Further research was undertaken of HAWT analysis has been undertaken to determine whether there is promise in offshore locations in Malaysia 18] and India [19] [20] . The papers once again use a method gathering field data, by satellite and by sensors, and by calculations from the Weibull function. With the turbines being out on the coast the altitude is considered the hub height of the turbine as the sea level height is negligible.
Efficiency of bladeless turbines
Being a relatively new area of exploration there is a smaller range of papers related to efficiency of bladeless turbines. However, the papers used for this meta study use a standard method of gathering field data all year long in the Netherlands [21] . Using quantitative formulations, the shaking force can be directly correlated to the power the bladeless turbines output as seen in 3.2.1
Legend:
• Bladeless: Red • Offshore: Blue • HAWT: Green 
Methods
This meta-study was performed using different academic databases, journals and website articles.
The research and data used came from these different mediums like databases such as Academic Search
Complete, Science Direct, SCOPUS, and other sources such as Google Scholar. To narrow the results, some search terms included "vorticity", "wind turbines", "bladeless wind turbines", "wind power assessment", "wind turbine location". Journals found were mostly restricted to the past 10 years as this is a relatively new development in renewable energy.
The research was conducted in two portions, focusing on HAWTs and their performance in different situations and the efficiency of bladeless turbines. Papers that had some relevance but not directly to the subject matter at hand were filtered out or were kept as reference material listed in the appendices.
Results and Discussion
Efficiency of horizontal axis wind turbines
Mathematical Analysis
Two different variables are to be calculated to determine the wind efficiency; wind speed and power.
Wind speed
The Weibull function is a way of calculating wind speed and is expressed in Equation 1: [15] Bladeless Where k and c are parameters from Equation 1, the dimensionless parameter and the speed parameter (m/s) respectively. V m is the wind speed (m/s). Each of these variables need to be calculated separately as seen below.
Equation 2 [15] V m is the wind speed on average (m/s) seen in Equation 3 and σ is the standard deviation from the average speed (m/s) seen in Equation 4 . Calculating k gives an idea of close to peak the wind speed is.
[15] Equation 5 [15] Using values calculated before c can be derived with vm which is the mean of the wind speed (m/s) and k which is the dimensionless parameter.
Wind Power
The wind speed is reliant on one of the variables mentioned above, wind speed and also the area that the blades themselves occupy as shown in Equation 6:
Equation 6 [16] ρ is the air density at the wind turbine (kg/m Equation 7 [16] P(v) is the wind power calculated from before as well A equating to the area of the blades. f(v)dv is the Weibull function and these values are integrated from zero to infinity. As can be seen from the results there is a greater impact from the onshore wind speed on the power density than there is from the onshore elevation of the turbine. From these results a similar result can be seen such that once again the offshore wind speed has more of an impact to power density, relative to the previous onshore graphs, then there is from the offshore elevation of the turbine. With both elevation graphs they have a similar range of 0 -400 W/m 2 however the offshore turbines require less elevation to achieve the same power density making it more efficient.
Results for Onshore Turbines
Overall the offshore turbines show promise in their ability to produce power with slower winds and lower altitudes.
Efficiency of bladeless turbines
Mathematical analysis
The shaking motion of a bladeless turbine can be directly related to simple harmonics as seen in
F is the force of the harmonic motion (N), k is the spring constant (N/m) and x the displacement distance (m).
Differentiated Equation 8 gives:
2 2 = − Equation 9 [22] m is the inertial mass (kg) of the oscillating body and t is time (second)
Solving the differential equation above leads to Equation 10: [22] c1 and c2 are constants, A is the amplitude from the equilibrium position (m),ω = 2πυ is the angular frequency, and φ is the phase.
The kinetic energy of the bladeless turbines equates to Equation 11:
Equation 11 [22] and the potential energy equates to Equation 12:
Equation 12 [22] Combining the two equations for mechanical energy we get:
Equation 13 [22] Which divided by time gives power (W) = Equation 14 [22] Figure 12 . Wind speed analysis over seasonal days (24) Figure 13 . Power output over seasonal days (24) Looking at Figures 13 and 14 it can be said that the bladeless turbines are less efficient than the bladed turbines as they require greater power to run, in the megawatts range (24). While they behave like HAWTs and perform more efficiently when they are stronger winds in the end the HAWTs can deliver more for less power.
Results for Bladeless Turbines
Looking at all the factors the most effective turbines are the ones bladed offshore that as they require slower winds to deliver power and they do not need high elevation to get results. This can eliminate construction difficulties as they are very few suitable areas on Earth where high elevated are suitable.
Instead choosing to build these turbines near coast near countries such as India or Malaysia closer to the high winds these turbines need to perform is a more effective strategy. Whilst there are some downsides such as spatial limitations that the HAWTs take up due to their structure, until the bladeless turbine catch up in their efficiency this is not a viable option to yield maximum results.
Conclusions
After conducting research, the results concluded that a single bladeless turbine is 30% less efficient than a HAWT. This is due to the physical system design as well as its lack of ability to counter the high entropy of wind. Due to their small size, they make better use of the area they occupy as more can be placed in the same area as HAWTs. This aspect bridges the gap between the two turbines and make up for their lack of efficiency. Although HAWTs are more efficient they require more maintenance due to the increased number of components and moving parts. This includes gears and braking systems.
Bladeless turbines have no moving parts or connections which greatly minimizes maintenance. From the gathered data, the greater the velocity of the wind acting on the HAWT the greater the output that is given. The bladeless turbines however work best when wind velocity is lower as this will result in uniform vortices. In the end the offshore HAWTs prove to be the most efficient in power output due to their need for slower winds and lower elevation to yield results. 
